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Once a part of the body has been removed and stimulated to regrow, 
as in regeneration, there must be interaction among cells for normal de¬ 
velopment; for normal development, the basement lamina must be present. 
The basement lamina is a structure composed mainly of collagen and other 
macromolecules. L-azetidine-2-carboxylic acid (LACA) a proline-analog, 
has been demonstrated to have an inhibitory effect on the extrusion of 
collagen into the extracellular matrix. Since regeneration occurs mainly 
as the result of interaction between epithelial and mesenchymal tissue, 
and this is mediated by the basement lamina, then regeneration is a 
collagen-requiring system. Therefore, an investigation was warranted to 
study the effects of LACA on tail regeneration in amphibian larvae (Rana 
clamitans). 
A 0.5% solution of LACA was applied to the amputated wound surface 
of the experimental animals and the effects from days 1-20 post-amputa¬ 
tion, were compared to those of the controls. Gross observations 
iv 
indicated that LACA suppressed the rate of regeneration. The LACA-treat- 
ed larvae exhibited a lag of 4-5 days of regrowth in comparison to the 
controls. The amount of regrowth at day five after amputation was 0.31 
cm and 0.19 cm controls and experimental^ respectively. The control re¬ 
generated at a faster pace, being accelerated as early as day three. On 
the 8th day of regeneration there was an increase in the length of the re¬ 
generating tail of the experimental larvae and this increase became promi¬ 
nent on the 10th day (from 0.19 cm to 0.52 cm). Measurements taken on the 
20th day still indicated a lag in regeneration by the experimental larvae 
(0.70 cm) as compared to the control (1.06 cm). 
Histological examination of experimental tissue showed that LACA 
suppressed the progress of regeneration: the reformation of the basement 
lamina was inhibited in LACA-treated tissue. Due to this inhibition the 
formation of the blastema was delayed and subsequently all events there¬ 
after in the process of regeneration were suppressed. For example, re¬ 
differentiation occurred 6 days after amputation versus 8 days in the ex¬ 
perimental tissue. 
Transmission electron microscopic studies indicated that collagen 
fibrillogenesis was inhibited in the LACA-treated tissue but not in the 
control. The amount of collagen fibrils visible in the extracellular 
matrix was markedly reduced in the expérimentais. The reformation of the 
basement lamina was observed on day four post-amputation in the controls 
as compared to day six in the expérimentais. The periodicity and ortho¬ 
gonal appearance of the fibrils of the lamina were irregular in the experi¬ 
mental tissue as compared to the control. 
Scanning electron microscopic studies indicated that the cells in 
v 
wound area of the expérimentais were greatly distorted as compared to the 
controls at 24 hr after amputation. Wound closure was evident 48 hr post¬ 
amputation in the controls; however, 72 hr was required for complete wound 
closure in the expérimentais. Changes in surface topography such as, 
microplicae and microappendages were evident at day three post-amputation 
in the controls as compared to day five in the expérimentais. 
In conclusion, LACA suppressed the rate and sequential events in 
the progress of regeneration. The suppression of these events was due to 
LACA's inhibitory effect on the reformation of the basement lamina during 
the regenerative process via inhibiting collagen fibrillogenesis. It is 
apparent that the basement lamina mediates cellular events which are re¬ 
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L-azetidine-2-carboxylic acid (LACA), a cyclic amino acid, was 
discovered in the leaves of Convallaria majalis by Fowden in 1956. 
Since the discovery of this compound, there has been great interest as 
to its mode of action in various organisms. Investigators have shown 
that LACA exhibits an inhibitory effect in many organisms. Steward et 
al. (1958) demonstrated that LACA inhibits growth of carrot tissue cul¬ 
tures. When LACA was supplied to germinating seed of different plant 
species in which it does not normally occur, it produced marked growth 
inhibition (Fowden, 1963). Fowden and Richmond (1963) observed similar 
growth inhibitory effects in cultures of Escherichia coli. 
In recent years it has been established that LACA, an analog of 
proline, exerts its effect through its incorporation into precursor 
polypeptide chains of collagen (Takeuchi et al., 1969; Takeuchi and 
Prockop, 1969). The resulting abnormal collagen is retained intracellu- 
larly and not extruded into the extracellular matrix of connective tis¬ 
sue (Coulombre and Coulombre, 1972) where fibrillogenesis occurs. 
The present investigation was designed to study the effects of 
LACA on tail regeneration in amphibian larvae (Rana clamitans), since 
regeneration is a collagen requiring system (Ross and Benditt, 1965; 
Grillo et al, 1967). Data to be presented will show that LACA impedes 
the rate and progress of regeneration by inhibiting collagen fibrillo- 
genesis in the formation of the basement lamina. 
1 
CHAPTER II 
REVIEW OF LITERATURE 
Interest in L-azetidine-2-carboxylic acid (LACA) began with its 
discovery in the leaves of Convallaria ma.jalis by Fowden in 1956. This 
naturally occurring nitrogenous compound was later demonstrated by 
Fowden and Steward (1957) in plants that belong to the Liliaceae and in 
some cases to the Agavaceae or to the Amaryllidaceae. LACA may occur in 
all parts of a plant, as in Covallaria ma.jalis, or its distribution may 
be restricted to certain plant organs, especially seeds. 
Steward et al. (1958) demonstrated that L-azetidine-2-carboxylic 
acid, an analog of proline (Fowden, 1956), inhibited growth of carrot 
tissue cultures. They established that LACA acted at the site of pro¬ 
tein synthesis. It is a competitive inhibitor for proline synthesis and 
therefore, cannot be directly used in protein synthesis. When LACA was 
supplied to germinating seeds of different plant species in which it does 
not normally occur, it produced marked growth inhibition and was lethal 
at high concentrations (Fowden, 1963). Growth inhibition in cultures of 
Escherichia coli was observed immediately after the addition of LACA to 
the culture at the same time as the L-azetidine-2-carboxylic acid. The 
kinetics of the growth inhibition was reminiscent of the effects on growth 
of other proline analogs known to be incorporated into proteins. There¬ 
fore, during studies on the incorporation of LACA, it was shown to re¬ 
place nearly 50% of proline residues when protein was synthesized in the 
presence of the analog (Fowden and Richmond, 1963). The behavior of 
2 
3 
LACA up to this time had been established as being attributed to its 
action as a proline analog. The replacement of proline by LACA was 
postulated as having an effect on protein structure, resulting in the 
production of abnormal proteins having impaired biological activity. 
Subsequent investigations in this area substantiated these points. 
The effect of LACA under controlled in vitro conditions was 
studied by Dancewicz and Altman (1967). They demonstrated that when 
14 14 
9- day granulomas was incubated with LACA- C, the presence of C 
activity in the collagen fraction as a function of incubation time, and 
14 
in the presence of LACA the incorporation of proline- C into collagen 
was inhibited. These findings suggested that L-azetidine-2-carboxylic 
acid interfered with collagen synthesis per se rather than merely re¬ 
placing some of the proline residues. 
Takeuchi and Prockop (1969) demonstrated by the use of autoradio¬ 
graphy that LACA is incorporated into abnormal protocollagen and subse¬ 
quently converted to an abnormal collagen. Tibiae removed from 10-day- 
old chick embryos were incubated for 2 hr with the proline analog and the 
structurally unrelated amino acid lysine. LACA produced significant in¬ 
hibition of the incorporation of ^C-proline to the extent that the re¬ 
sults indicated more than just inhibiton of proline synthesis. It was 
reported earlier that when embryonic cartilage was incubated with *^C- 
14 14 
proline, one-half to two-thirds of C was recovered as C-proline and 
14 
C hydroxyproline (Cooper and Prockop, 1968). However, with LACA there 
14 14 
was a decrease in the ratio of C-hydroxyproline to total C in the 
10- day-old chick tissue. Incubation of the tissue for longer periods 
14 of time did not bring the ratio to total protein-bound C to the 
4 
levels of the controls. These results indicated that the substitution 
of LACA for proline decreased the hydroxylation of proline incorporated 
into protocollagen. Takeuchi et al. (1969) observed that the incorpora¬ 
tion of the proline analong decreased the hydroxylation of lysine and 
proline in protocollagen. They found that the abnormal collagens not 
only had a decreased content of hydroxylysine and hydroxyproline but a 
decreased content of glycosylated hydroxylysine, which again indicated 
that the abnormal collagen molecules were retained intracellularly. 
LACA was administered for a 15 day period to 8-day-old chicks in 
dosages of 375 or 500 jug/ml/day. Lane at al. (1971A) observed that along 
with the arrest of collagen accumulation in 8-day-old chick embryos, there 
were morphological changes in the connective tissue of the embryos. 
Light microscopy showed a marked decrease in fibrils and electron micro¬ 
scopy a decrease in the amount of cross striated collagen fibrils. Tis¬ 
sue from embryos treated with 500 jug per day showed essentially no cross- 
striated collagen fibrils. They suggested that the decrease in cross- 
striated fibrils was accounted for by the decreased collagen content of 
the tissue. Uitto and Prockop (1974) explained that the effect of the 
proline analog on collagen could be explained by the hypothesis that the 
presence of the analog in the polypeptide chains prevented them from as¬ 
suming the normal triple-helical conformation of collagen and as a result 
the polypeptides are degraded. This hypothesis was supported by the ob¬ 
servations that the concentration of the effective analog which blocked 
14 the production of intracellular C-labeled protocollagen, also decreased 
14 
the amount of intracellular C-labeled protocollagen which was in a helical 
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conformation, as judged by resistance to proteolytic digestion. Hydroxy- 
proline residues have been shown to play an important role in stabiliza¬ 
tion of the triple helix of the collagen molecule. Collagen deficient 
in hydroxyproline is not triple-helical at 37 C and is readily digested 
by proteases, while collagen containing normal amounts of hydroxyproline 
is triple helical at 37 C and is resistant to proteolysis (Berg and 
Prockop, 1973; Jimenes et al., 1973). 
Interference with normal collagen synthesis by L-azetidine-2- 
carboxylic acid has been substantiated by the above investigators and 
others (Rosenbloom and Prockop, 1970; Lane et al., 1971b; Kerwar et al., 
1975). There is substantial evidence that LACA reduces the synthesis 
and secretion of normal collagen. 
Due to the evidence that LACA inhibits normal collagen develop¬ 
ment, several investigators have studied what effect this proline analog 
will have on development and/or morphogenesis. Ayedelotte and Kochhar 
(1972) observed that limb buds from 36-40 somite mouse embryos in the 
presence of the proline analog, L-azetidine-2-carboxylic acid, were great¬ 
ly inhibited in growth as compared to the controls. In the expérimentais 
chondrogenesis was delayed and the cartilage which subsequently appeared 
became swollen, soft and malformed. Histologically the matrix of the 
treated cartilage appeared almost unstained. Growth and development of 
the limb buds were normal when adequate L-proline was added to the medium 
along with the analog or when D-azetidine was used as the control. L- 
azetidine treated cultures which were removed from the analog and subse¬ 
quently placed on a proline-rich medium showed rapid recovery of the car¬ 
tilage to normal within 48 hr. They concluded that their findings agreed 
6 
well with previous reports that L-azetidine inhibits the secretion of 
normal collagen. The gross and microscopic changes observed reflect 
this collagen deficiency and emphasize the importance of collagen in 
normal organization of the matrix and resultant shape of the cartilage. 
Strudel (1975) demonstrated the effects of LACA iri vivo and in 
vitro on the development of the chick skeleton. In vivo the inhibitor 
was injected into the yolk sac of young embryos. LACA inhibited the 
secretion of the periaxial extracellular material resulting in a lack 
of several vertebrae. In young vertebral primordia cultured on L-azeti¬ 
dine, the myotome cells differentiated into myoblasts, whereas the sclero¬ 
tome cells remained undifferentiated. In older primordia, the sclero¬ 
tome cells gave rise to abnormal cartilage but the myotome cells seldom 
differentiated. 
Ruch et al. (1975) studied the effect of LACA on the cytodifferen- 
tiation of odontoblasts and ameloblasts in cultivated mouse tooth buds. 
Morphological, cytological and functional investigations suggested the 
expression of differentiation of ameloblasts is partially conditioned 
by collagen; due to the interruption of collagen synthesis there was very 
little differentiation of ameloblasts. 
Galbraith and Killar (1975) demonstrated that incisor and molar 
tooth germs from 14 and 15-day-old mouse embryos, cultured on agar- 
solidified Eagles' basal medium with LACA, exhibited great suppression 
in development. In the experimental cultures, some germs displayed re¬ 
gression and disorganization, whereas others were merely arrested at the 
stage of development at the time of explantation. Tooth germs cultured 
7 
on medium containing L-azetidine in combination with proline developed 
normally. Suppressed tooth germs that were removed from medium contain¬ 
ing LACA and placed on control medium or proline-rich medium resumed 
development, so that their stage of differentiation was equivalent to 
that of controls at the termination of the culture period. They con¬ 
cluded that the collagen component of extracellular matrix probably 
influences epithelial-mesenchymal inductive interactions. In 1976, 
Galbraith and Kollar reported that exogenously supplied procollagen sup¬ 
ports morphogenesis in embryonic mouse tooth rudiments that have been 
previously treated with L-azetidine. 
Gomot and Bride (1976) demonstrated the effect of LACA on the 
morphogenesis of embryonic duck preen gland in organ culture. Their 
paper presented a discussion on how LACA disrupted the differentiation 
of primary superficial invaginations. Electron micrographs showed that 
the basal membrane and associated extracellular materials were affected 
by treatment. There were interruptions in the continuity of the basal 
membrane and a decrease in the extrusion of extracellular materials. 
Sudo et al. (1978) reported the effects of LACA on dentinogenesis 
in rat incisors. Wistar rats were administered a single intraperitoneal 
injection of L-azetidine (500 mg/kg) and were fixed by perfusion with a 
2% glutaraldehyde and 2% paraformaldehyde solution at 1, 6, 12 and 24 hr, 
as well as 2, 5, and 10 days after injection. With the electron micro¬ 
scope, the young odontoblasts showed vésiculation of rough endoplasmic 
reticulum, as well as the presence of intracisternal materials within 
the rough endoplasmic reticulum. An increase in cytosegresomes and dense 
8 
bodies was also observed. In addition there was a decrease in the num¬ 
ber of elongated granules in the Golgi area and cytoplasmic process 
in the pre-dentine. After dentine calcification, collagen fibers de¬ 
creased, while granular substances increased. 
Leushner and Pasternak (1978) studied the effect of the proline 
analog, L-azetidine-2-carboxylic acid, on growth and collagen synthesis 
in the free-living nematode, Panagrellus silusiae. Incorporation of 
labeled proline into protein was specifically blocked by the analog; 
the uptake of leucine into polypeptides was unaffected. Conversely, 
the uptake of labeled azetidine carboxylate was antagonized only by pro¬ 
line. The incorporation of labeled analog into collagen during postem- 
bryonic development paralleled the discontinuous patterns of collagen 
biosynthesis in untreated worms. Cuticular collagens became labeled 
14 
after incubation with C-azetidine carboxylate. They commented that 
this analog is probably incorporated into collagenous and noncollagenous 
proteins. 
Hall (1978) injected embryonated eggs of the common fowl, Gallus 
domesticus, at daily doses of 350 jug/egg on 1 or several days between 
days 8-12 of incubation. Treatment at 9 days of incubation preferential¬ 
ly retarded embryonic growth to the 12th day, but recovery of growth 
rate occurred by 15 days of incubation. The earliest age of embryos 
from which isolated stem cells from membrane bones will form secondary 
cartilage was 10 days of incubation. Secondary chondrogenesis on the 
quadratojugal, a membrane bone of the skull, was inhibited by treatment 
of whole embryos with LACA at 9 days of incubation but not by treatment 
9 
at 8 days. Secondary chondrogenesis, an event involving collagen which 
begins at 9 days of incubation, was blocked by LACA. The investigators 
postulated that this event is a part of the process of chondrogenic de¬ 
termination of stem cells. The addition of LACA to the medium in which 
already determined stem cells from the quadratojugal were cultured, ex¬ 
hibited little or no expression of secondary chondrogenesis. Hall com¬ 
mented on the relationships between growth and LACA-inhibited aspects 
of collagenogenesis and concluded that this proline analog was a useful 
probe for events relating both to determination and to expression of the 
differentiated state and the role of collagenogenesis in these events. 
Hino (1979) reported the effects of LACA on the bone and skin of 
mice. Various doses (4.7 or 10 mg/day) of LACA were administered to 
mice throughout pregnancy and weaning. LACA (1 mg) was also injected 
into newborn mice, and all animals were sacrificed the 7th and 8th day 
after delivery. Baby mice were investigated for morphological changes 
with a softex x-ray apparatus, and growth retardation was observed. 
Histological study of the excised skin revealed a reduction of collagen 
fibrils in the LACA-treated mice. Collagen was extracted from EDTA pre¬ 
treated bone and from the skin of mice. Amino acid analysis showed a 
decrease from bones and skin collagen of the LACA-treated animals. 
Grant (1978) has stated that all developmental processes share 
certain fundamental features which are: "(1) storage and transfer of 
development information, (2) molecular, cell or organismic growth, 
(3) morphogenesis or changes in form and shape, and (4) differentiation, 
the emergence of a functionally specialized state." All of these fea¬ 
tures are inherent in the process of regeneration. Once wound closure 
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is complete, the first phase of regeneration, tissues which are proximal 
to the wound area undergo a period of dedifferentiation, the second phase 
of regeneration. During dedifferentiation tissues like muscle bundles, 
for examples, breakdown and lose their myofibrillar architecture and be¬ 
come single mononucleate cells. It is believed that these cells revert 
to a totipotent embryonic state in which they have the capability of re¬ 
differentiating into various needed tissues for regrowth (Goss, 1968). 
Blastema formation, the third phase, is the period in which there is 
rapid cell proliferation of these mesenchymal cells which are embryonic 
in nature. Another feature is also apparent at this time - the accumula¬ 
tion of cells underneath the wound surface which gives the blastema a 
distinct conical-shape. Lastly, there is redifferentiation, the fourth 
phase of regeneration, in which there is the reformation of tissues and 
growth. Therefore, according to the criteria set forth by Grant, it is 
apparent that the phases of regeneration, possesses all of the features 
of a developing system. 
Regeneration is the result of interactions between epithelial 
and mesenchymal tissue (Thornton, 1968). Several investigators (Weiss, 
1956; Hauschka and Konisberg, 1966; Cohen, 1972; Bernfield et al., 1973; 
Hay and Meier, 1974) have demonstrated that a physical substratum medi¬ 
ates the interaction between the mesenchyme and epithelial tissue. 
This substratum has often been found to be the basal lamina, a structure 
composed mainly of collagen and other macromolecules. Since regenera¬ 
tion occurs mainly as the result of interactions between epithelial and 
mesenchymal tissue, and this is mediated by the basal lamina, then re¬ 
generation is a collagen requiring system (Ross and Benditt, 1965; 
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Grillo et al., 1967). LAÇA has been demonstrated to have an inhibitory 
effect on the extrusion of collagen, in particular into the extracellu¬ 
lar matrix. Therefore, an investigation is warranted to see what effect 
L-azetidine-2-carboxylic acid would have on regeneration, in a verte¬ 
brate appendage (tail), a developmental process. 
CHAPTER III 
MATERIALS AND METHODS 
Rana clamitans tadpoles obtained from NASCO Laboratories 
Fort Atkinson, Wisconsin, were used in this investigation. Upon 
arrival the tadpoles were placed in 10 gal aquaria and fed weekly with 
commerically prepared tadpole food obtained from NASCO. The tadpoles 
ranged in length from 5-10 cm. They were anesthetized in 0.005% solu¬ 
tion of Tricaine Me thanesulfonate (MS 222) prior to amputation of a 
portion of the tail. 
L-azetidine-2-carboxylic acid (LACA) was purchased from Sigma 
Chemical Company (St. Louis, Missouri). The tail tip (1 cm) was ampu¬ 
tated from all tadpoles. Following amputation the organisms were 
placed in 8-inch finger bowls (2 tadpoles per bowl) containing 500 ml 
of aged tap water. The experimental tadpoles were either injected 
intraperitoneally with 0.3 ml of a 0.5% solution of LACA or the ampu¬ 
tated area of the experimental tadpoles was swabbed with the same con¬ 
centration of LACA, five times during a 60 min period. The same 
amount of tail tip was removed from the controls and regeneration was 
allowed without treatment. Tadpoles were sacrificed daily for six 
consecutive days after amputation and on the 8th day. 
This investigation was divided into three areas of study: 
gross observations of whole amphibian larvae, histological observations 





Gross observations of whole tails were made on days 1-6, and 
on the 10th, 15th and 20th days after amputation, measurements were 
taken with the use of a micrometer on days 1-3 and with a 12 centi¬ 
meter ruler on the remaining days. Photomicrographs were made of 
representative specimens showing the degree of regeneration with the 
Polaroid MP-3 Land Camera. 
Histological Study 
Tissue was fixed in 10% formalin for 24 hr, washed in distilled 
water for 4 hr, dehydrated through a series of alcohols 1 hr each, 
cleared in 1:1 absolute alcohol and xylene for 1 hr, then put in abso¬ 
lute xylene for 30 min; tissue was infiltrated with paraplast for 1 hr 
then embedded, longitudinal sections were made at 9 31 with an American 
Optical Microtome. The sections were stained 10 min with a 1% aqueous 
solution of Sirius Red F3BA, dehydrated rapidly in three changes of 
absolute alcohol and cleared in xylene. The picro-Sirius Red F3BA 
procedure (Sweat et al., 1964), will result in high selectively for 
collagen, reticulum fibers and basement membranes. 
Ultrastructural Study 
Regenerated tail tips were amputated on six consecutive days 
and on the 8th day. The protocol for transmission electron microscopy 
was as follows: 
Fixation: 
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1. Fixed in 4% buffered (Sodium cacodylate) 0.2M glutaralde- 
hyde at 4 C for 3 hr. 
2. Wash tissue in cold 0.2M cacodylate buffer (pH 7.2), 2 
changes 1 hr each. 
3. Post-fix in 2% osmium tetraoxide with buffer for 3 hr. 
4. Wash tissue in 3 changes of the 0.2M cacodylate buffer 
1 hr each. 
Dehydration: 
Tissue was dehydrated in a graded series of ethyl alcohol: 
30% ETOH 15 min 
50% ETOH 15 min 
70% ETOH 15 min 
95% ETOH .....15 min (2 changes) 
100% ETOH  15 min (2 changes) 
Propylene oxide 15 min (2 changes) 
Infiltration: 
1. Place tissue in 3:1 ratio propylene + Spurr's for 1 hr 
2. Place tissue in 1:1 propylene oxide + Spurr's for 2 hr or 
overnight 
3. Place tissue in 3:1 Spurr's + propylene oxide for 1 hr 
4. Place tissue in full strength Spurr's for 30 min to 1 hr 
5. Polymerize at 60 C for 16 hr 
Tissue blocks were trimmed, then sectioned with a glass knife 
on a LKB 8800 Ultratome and examined with a RCA-4 electron microscope. 
For scanning electron microscopy, the protocol was as follows: 
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Fixation; 
1. Tissue was fixed in Karnovsky's (1965) fixative at 4 C for 
3 hr 
2. Tissue was washed in cold 0.2M collidine buffer (pH 7.2) 2 
changes, 1 hr each 
3. Tissue was post-fixed in 2% osmium tetraoxide in collidine 
buffer at 4 C for 3 hr 
4. Tissue was washed in 3 changes of cold collidine buffer 
Dehydration: 
Tissue was dehydrated in a graded series of ethyl alcohol and 
amyl acetate: 
30% ETOH  30 min 
50% ETOH  1 hr 
70% ETOH  1 hr 
95% ETOH 30 min 
100% ETOH 30 min 
30% amyl acetate  15 min 
50% amyl acetate 15 min 
70% amyl acetate ...15 min 
95% amyl acetate 15 min 
100% amyl acetate 15 min 
Tissue was then critical-point-dried with carbon dioxide as the transi¬ 
tional fluid, mounted on a specimen stub with liquid silver, coated 4 
times, 1 min each, in a vacuum evaporator with carbon and palladium- 
gold. Specimens were then observed with a Perkin-Elmer ETEC Omniscan. 
CHAPTER IV 
EXPERIMENTAL RESULTS 
The observations recorded here will include a description of gross, 
histological, transmission and scanning electron microscopic features of 
tail regeneration in Rana clamitans larvae following treatment with L- 
azetidine-2-carboxylic acid (LACA). 
Gross Features 
The experimental animals in this study were subjected to two ex- 
perimal procedures: (1) they were injected intraperitoneally with 0.3 cc 
of an 0.5% solution of LACA, or (2) the amputated area of the tadpoles 
was swabbed with the same concentration of LACA, five times during a 60 
min period. The data obtained from injecting 250 tadpoles, both controls 
and expérimentais showed a high mortality rate in the expérimentais (Table 
1). Comparison of the two experimental procedures indicated that the a- 
mount of regrowth was affected by the method of injection with both con¬ 
trols and expérimentais (Table 2). Therefore, because of this assessment, 
all experimental results to be reported are those obtained from the swab¬ 
bing procedure. 
The control tail tip 24 br after amputation (Fig. 1) still ex¬ 
hibited the plane of amputation and no visible tissue damage. The LACA- 
treated tail tip (Fig. 2), however showed curvature of the edge of the 
wound surface. 
The third day after amputation shows visible regrowth in the re¬ 
generating tail tip of the control (Fig. 3). The amount of regrowth at 
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Table 1. The effects of injecting LACA on survival in Rana clamitans 
larvae. 
Number Hours after Injection 
of 
Animals 24 48 72 
Control 
(Injected with 
Holtfreter) 150 140 135 130 
Experimental 
(Injected with 
LACA*) 200 145 130 105 
* 
0.3 cc of a 0.5% solution 
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Table 2. Quanity of tail regeneration in Rana clamitans larvae following 
exposure to L-Azetidine-2-Carboxylic Acid. 
Exposure Method Number of 
Animals 
Days After Amputation* 
5 10 15 20 
Swabbing of Amputa¬ 
ted Surface (5 times 
during 60 min period) 
Controls 100 0.31 0.65 0.87 1.06 
Expérimentais 150 0. 19 0.52 0.60 0.70 
Intraperitoneal In¬ 
jection of 0.3 cc 
Controls 100 0.18 0.32 0.45 0.50 
Expérimentais 150 0.10 0.15 0.28 0.31 
Mean values (in centimeters) 
Figure 1. Photograph of a control tail tip 24 hr after amputation showing 
the plane (Arrow) of amputation. 
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Figure 2. Photograph of an experimental tail tip 24 hr after amputation 
showing curvature of the wound surface (Arrow). 
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Figure 3. Photograph of a regenerated tail tip of 3-day control larva 




this time is 0.21 cm as compared to 0.14 cm for the experimental tissue 
at day three (Fig. 4). The LACA-treated tissue exhibits frayed ends at 
the wound surface and inhibition of regrowth is evident. 
The control larvae by the 5th day of regeneration showed 0.31 cm 
growth of the regenerate (Figs. 5, 6) in comparison to only 0.19 cm in 
the expérimentais (Figs. 5-7). Figure 5 also shows that the control re¬ 
generated at a faster pace, being accelerated as early as day 3. The 
rate of regeneration in the LACA-treated larvae contines to lag behind the 
control for the next several days (Fig. 8). On the 8th day of regenera¬ 
tion there is an increase in the length of the regenerating tail tip of 
the experimental larvae and this increase becomes more prominant on the 
10th day (Fig. 9). The control (Fig. 10) has continued to regenerate 
(from 0.31 cm to 0.65 cm) and the regrowth can be distinguished by the 
lack of pigmentation, when compared to the rest of the tail. 
LACA-treated larvae 15 days after amputation show little difference 
in comparison to the control (Figs. 11, 12). The amount of regrowth in 
the experimental is pronounced. The tail tip is somewhat distorted in 
shape, as compared to the control, and this can be attributed to early 
tissue damage during days 1-3. The amount of regrowth for the control 
and experimental is 0.87 cm and 0.60 cm, respectively. Measurements 
taken on the 20th day (Fig. 13) still indicate a lag in regeneration by 
the experimental larvae (0.70 cm), as compared to the control (1.06 cm); 
however, one cannot tell the LACA-treated larvae (Fig. 14) from the con¬ 
trol (Fig. 15). 
Figure 4. Photograph of a regenerated tail tip of 3-day LACA-treated 
larva showing distortions (D) in the wound area. 
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Figure 5. Graph showing the amount of regeneration 5 days after amputation. 
(O)» controls; (# ), expérimentais 
24 
Time (Days) 
Figure 6. Photograph of a regenerated tail tip of 5-day control larva 
showing the line of amputation (L), and the amount of regrowth 
(.Arrow). 
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Figure 7. Photograph of a regenerated tail tip of 5-day experimental 
larva showing the line of amputation CL), and the amount of 
regrowth (Arrow). 
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Figure 8. Graph showing the amount of regeneration 10 days after ampu¬ 













Figure 9. Photograph of a 10-day LACA-treated tail tip showing the 
amount of regrowth (R), and line of amputation (Ærrow). 
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Figure 10. Photograph of a 10-day control tail tip showing the amount 
of regrowth (R) and the line of amputation (Arrow). 
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Figure 11. Photograph of a 15-day LACA-treated tail tip showing the 
amount of regrowth (R)» and line of amputation (Arrow). 
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Figure 12. Photograph of a 15-day control tail tip showing the amount 
of regrowth (R), and the line of amputation (Arrow). 
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Figure 13. Graph showing the amount of regeneration 20 days after ampu¬ 















Figure 14. Photograph of a regenerated tail tip of 20-day LACA-treated 
larva (Arrow). 
33 





The presence of a wound cavity is evident at 24 hr after tail 
amputation. In the control (Fig. 16) the cells of the wound epithelium 
are about 1-2 cell layers thick. They cover the surface and have begun 
to invade the wound cavity. This cavity allows for an immediate col¬ 
lapse of the epidermis around the periphery of the wound, thereby ex¬ 
pediting the wound healing process to some extent by reducing the area 
of the wound surface. The basement lamina, as indicated by the stain 
Sirius Red F3BA, is rather prominent, at this time. Other components 
of the tail section such as the muscle fibers remain intact; the noto¬ 
chord and its sheath appear unaltered. 
Experimental tissue (Fig. 17) taken 24 hr after amputation ex¬ 
hibits a slight thickening of the epidermis near the wound area. There 
is no indication of the migration of epidermal cells to the wound area, 
the 1st phase or step in the regenerating process. The LACA-treated 
tissue appears fragile and the basement membrane underlining the epider¬ 
mis of the wound is not as prominent as in the control. The large 
vacuolated notochord cells are loosened from its sheath and torn. The 
muscle fibers in the proximal area of the wound are disarrayed as com¬ 
pared to the intact fibers of the control. An examination of different 
sections of the tail tip at 24 hr, show that in the control fin area 
(Fig. 18) there is wound closure and again the prominent appearance of 
the basement lamina underneath the wound epidermis. Wound closure is 
not evident in the fin area of 24 hr experimental tissue (Fig. 19); 
little if any, migration of the epidemal cells to the wound cavity can 
Figure 16. Photomicrograph of a section of 24 hr control tissue showing 
the wound cavity (C), and the migration of epithelial cells 
(E), over the wound surface, Sirius Red F3BA, lOx. 
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Figure 17. Photomicrograph of a section of 24 hr LACA-treated tissue show¬ 
ing wound area (W), notochord cells (N), separated from the 
notochord sheath (S), and the loose organization of muscle 
fibers (M). Sirius Red F3BA, lOx. 
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Figure 18. Photomicrograph of a section of 24 hr control tissue showing 
wound closure (Arrow), and the basement lamina (BL). lOx 
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Figure 19. Photomicrograph of a section of 24 hr LACA-treated showing 




The control tissue after 48 hr (Fig 20) shows an accumulation of 
epidermal cells 3-4 cell layer thick, completely covering the wound area. 
The muscle fibers of the proximal muscle bundles remain intact and do 
not exhibit any histological sign of alteration. Wound closure in the 
48 hr experimental tissue appears to have been accomplished (Fig. 21) 
with a thin layer of expidermal cells. The fragility of the LACA-treated 
tissue is still evident by the loose organization of tissue in the wound 
area. Tissue destruction is also apparent in the fibers of the muscle 
bundles. 
The wound epithelium on the third day after amputation is well 
developed in the control tissue (.Fig. 22). It has now thickened into a 
structure ofter referred to as an apical cap (Fig. 22a). This accumula¬ 
tion of epidermal cells represents the beginning of dedifferentiation. 
The basement lamina is still evident at this time but not as pronounced 
as in the 24 hr control. The LACA-treated at 72 hr (Fig. 23) shows an 
organized but thin layer of epidermal cells over the wound area. The 
basement lamina is not noticable at this time, as described earlier in 
the 24 hr experimental tissue. The muscle fibers of the proximal muscle 
bundles exhibit histological damage, an indication that the experimental 
tissue still displays a degree of fragility (Fig. 23a). 
Dedifferentiation is evident on the fourth day after amputation 
in the control (Fig. 24). The tissue proximal to the wound area have 
begun to undergo histolysis. This dissolution involves different tissues 
Figure 20. Photomicrograph of a section of 48 hr control tissue show¬ 
ing an accumulation of epidermal cells at the wound area. 
lOx 
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Figure 21. Photomicrograph of a section of 48 hr LACA-treated tissue 
showing the loose organization of epidermal cells (E) in the 
wound area. lOx 
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Figure 22a. Photomicrograph of a section of 72 hr control tissue showing 
a well developed wound epithelium (E). lOx 

Figure 22b. Photomicrograph of a section of 72 hr control tissue showing 
the structure often referred to as an apical cap (AC). lOx 
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Figure 23a. Photomicrograph of a section of 72 hr LACA-treated tissue 
showing wound closure (WC). lOx 
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Figure 23b'. Photomicrograph of a section of 72 hr LACA-treated tissue 
showing a thin layer of epidermal cells (E), and the ex¬ 
tensive loose organization of muscle fibers (M). lOx 
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Figure 24. Photomicrograph of a section of 4-day control tissue 
showing an increase in the number of epidermal cells (E) 
at the regenerated portion of the tail. Muscle fibers (M) 




to varying degrees. Muscle tissue, for example, loses its differentiated 
characteristics of striated fibers. The cells of the notochord have be¬ 
gun to dedifferentiate. The most impressive aspect of the dedifferentia¬ 
tion of connective tissue is the replacement of the old "differentiated" 
matrix by a more "embryonic" matrix, which is produced by the mesenchyma- 
tous pre-blastema cells. Another noticeable feature during dedifferentia¬ 
tion, the third phase of regeneration, is the absence of the basement 
lamina. The LACA-treated tissue (Fig. 25) shows no sign of morphologi¬ 
cal dedifferentiation. The cells in the wound epithelium, however, are 
continuing to accumulate. The four day experimental tissue resembles that 
of the 48 hr control. 
The pronounced aggregation of cells which continued to form at 
day 5 takes on a cone shape appearance, now called the blastema (Fig. 26). 
The proliferating blastema is relatively homogeneous in the sense that 
there are no demonstrable cellular aggregations like muscle bundles. 
The regenerating epidermis remains thick and the re-appearance of the 
basal membrane in the regenerated portion of the tail is indicated by 
Sirius Red F3BA staining. The progress of regeneration in 5-day LACA- 
treated tissue (Fig. 27) is definitely inhibited as compared to the con¬ 
trol. Dedifferentiation has not occurred to any noticeable degree. The 
thickness of the wound epithelium has increased to the extent of the con¬ 
trol. 
The beginning of redifferentiation has begun by day 6 in the con¬ 
trol (Fig. 28). The blastema has disappeared as a disorganized mass of 
Figure 25 Photomicrograph of a section of 4-day LACA-treated tissue 
showing an increased wound epithelium (WE). lOx 
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Figure 26. Photomicrograph of a section of 5-day control tissue showing 
the aggregation of cells now called the blastema (B). The 
re-appearance of the basement lamina (L), in the regenerated 
portion of the tail is indicated by Sirius Red F3BA staining. 
lOx 
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Figure 27. Photomicrograph of a section of 5-day LACA-treated tissue 
showing dedifferentiation in the tissues (T) proximal to 
the wound area (Arrow). lOx 
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Figure 28. Photomicrograph of a section of 6-day control tissue show¬ 
ing re-differentiation in the tissue (T) in the regenerated 
portion of the tail. The extension of the notochord cells 
(N) into the regenerate is evident. lOx 
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cells; the regenerate has undergone elongation and is laterally com¬ 
pressed to give the appearance of a tail-like structure. A striking 
feature is the extension of the notochord cells into the regenerated 
portion of the tail tip. The basement lamina is distinct. The 6-day 
experimental tissue (Fig. 29) has now begun to undergo dedifferentiation 
in the area proximal to the wound. The dedifferentiating tissue appears 
to be contributing to the mass of cells that eventually will become the 
blastema which was evident at four days in the control tissue. 
The appearance of muscle fibers in the redifferentiated control 
tissue occurs about 8 days after amputation (Fig. 30). Organization of 
the cells into other distinct structures has not occurred at this time; 
however, there is the continuance of the notochord cells into the re¬ 
generated portion of tail tip. The LACA-treated tissue at 8 days after 
amputation (Fig. 31) resembles that of a 6-day control. The basal lamina 
is quite evident in the regenerated portion of the tail tip. The experi¬ 
mental tissue has begun to redifferentiate, the last phase in the process 
of regeneration. The extent of redifferentiation could be compared to 
that of the 6-day control except that the invasion of the notochord cells 
into the regenerate is just beginning. 
The most distinguishing features of the 10-day control tissue 
(Fig. 32) are the aggregation of muscle fibers into muscle bundles, the 
re-appearance of the notochord cells with accompanying notochord sheath, 
and the presence of the basement lamina along the entire regenerated tail 
tip. The regenerating notochord cells have moved deeper into the 
Figure 29. Photomicrograph of a section of 6-day LACA-treated tissue 
showing the dedifferentiation in the tissues (T) proximal 
to the wound area. lOx 
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Figure 30. Photomicrograph ot a section of 8-day control tissue showing 
the re-appearance of muscle fibers (M) and the basement lami¬ 
na (BL) in the regenerated portion of the tail. lOx 
55 
Figure 31. Photomicrograph of a section of 8-day LACA-treated tissue 
showing the re-appearance of the basement lamina (BL) in 
the regenerated portion of the tail. lOx 
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Figure 32. Photomicrograph of a section of 10-day control tissue show¬ 




regenerate. The 10-day LACA-treated tissue continues to re-differentiate 
(Fig. 33). The basement membrane is prominent and there is a noticeable 
extension of the notochord into the regenerating tail tip. The experimen¬ 
tal tissue resembles that of a 8-day control. 
Transmission Electron Microscopy 
The control tissue 24 hr after amputation showed varying degrees 
of cellular distruption. There were some areas (Fig. 34) in which the 
epidermal cells remained intact, still attached to the basement lamina, 
and several cellular components could be recognized: nucleus, Golgi 
apparatus, mitochondria, endoplasmic reticulum. In other regions, in¬ 
tercellular attachments (desmosomes) have loosened and the cells have 
begun to separate from one another (Fig. 35) and from the basement lamina 
(Fig. 36). The once highly organized collagen fibrils which make up the 
basement lamina have begun to lose their characteristic orthogonal ar¬ 
rangement. The subepidermal cells (Fig. 37) showed a large number of 
dense bodies and the cells were not as closely associated. Processes 
of mesenchymal cells extended into the subepidermal spaces. There was 
also extensive rough endoplasmic reticulum present in these mesenchymal 
cells (Figs. 36, 37). 
The 24 hr post-amputation LACA-treated tissue (Fig. 38) showed 
more extensive cellular destruction. There were large debris-filled 
vacuolated spaces and the membranes surrounding these vacuolated spaces 
showed small vesicles or gaps. The nuclei were intact but most of them 
were irregular in shape and somewhat isolated — not in an intact cell 
(Fig. 39). The basement lamina was not distinct (Fig. 39) in comparison 
Figure 33. Photomicrograph of a section of 10-day LACA-treated tissue 
showing re-differentiation of muscle fibers (M) and the 
extension of the notochord cells (N) into the regenerated 
portion of the tail. lOx 
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Figure 34. Transmission electron micrograph of 24 hr control tissue 
showing the attachment of basal epidermal cells (BC) to the 
basement lamina (Arrow). 33,6000 x 
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Figure 35. Transmission electron micrograph of 24 hr control tissue 
showing desmosomes (D) between epidermal cells (E). 24,400 x 
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Figure 36. Transmission electron micrograph of 24 hr control tissue 
showing the detachment of basal epidermal cells (BC) from 
the basement lamina (BL). 16,000 x 
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Figure 37. Transmission electron micrograph of 24 hr control tissue 
showing subepidermal cells (SE) containing dense bodies 
(D). Note the mitochondria (M) and the nucleus (N). 
16,000 x 
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Figure 38 . Transmission electron micrograph of 24 hr LACA-treated tis¬ 
sue showing extensive cellular distruption. Note the 
nucleus (N) and large vacuolated spaces (VS), some of which 
contain vesicular inclusions. 11,200 x 
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Figure 39. Transmission electron micrograph of 24 hr LACA-treated 
tissue showing an intact nucleus (N) not in an intact 
cell. Note the disrupted fibrils of the basement lamina 
(BL). 26,400 x 
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to the control; the orderly arrangement of the fibrils was disrupted, 
leaving only scattered collagen fibrils in the intercellular matrix 
(Fig. 40). However, in some instances the collagen fibrils were more 
compact (Fig. 41) but still not showing the organization representative 
of the basement lamina. Rough endoplasmic reticulum were visible in the 
24 hr LACA-treated tissue (Figs. 38, 39). 
The second day after amputation showed greated dissociation be¬ 
tween the epidermal cells in the control tissue (Fig. 42). Numerous 
microvilli from the epidermal cells extended into the intercellular spaces. 
The cells have elongated (Figs. 43a, 43b) and the cytoplasm contained few 
Golgi centers, mitochondria and granular endoplasmic reticulum. The col¬ 
lagenous basement lamina was not highly organized, as in the earlier stages, 
and a progressive loss of orthogonal orientation was exhibited (Fig. 44). 
Isolated or loose collagen fibrils were scattered between the subepidermal 
cells which have assumed different shapes and sizes (Fig. 45). A feature 
of the loss of cellular integrity was the appearance of phagocytic vesicles, 
rather prominent in the 48 hr control tissue (Fig. 46). This micrograph 
also showed that cellular organelles were not distinct. 
The 48 hr LACA-treated tissue showed epidermal cells that were com¬ 
pletely disassociated (Figs. 47, 48) and somewhat distorted in shape. The 
nucleus was reduced in size in comparison to the 24 hr control tissue and 
cellular structures were sparse and undistinguishable. In some cells the 
nucleus retained its apparent size but the chromatin was tightly packed 
against the nuclear membrane (Fig. 49). Another noticeable feature was 
the absence of collagen fibrils in the intercellular spaces. The epider¬ 
mal cells have taken on a peculiar shape (Fig. 50), with finger-like 
Figure 40. Transmission electron micrograph of 24 hr LACA-treated 
tissue showing scattered collagen fibrils (C) in the in¬ 
tercellular matrix. 29,600 x 
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Figure 4 1. Transmission electron micrograph of 24 hr LACA-treated 
tissue showing large vacuolated intercellular spaces (VS) 
with collagen fibrils (C). Note vesicular debris in 
vacuoles. 20,000 x 
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Figure 42. Transmission electron micrograph of 48 hr control tissue 
showing microvilli (M) extending from epidermal cells into 
the intercellular spaces (IS). 20,000 x 
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Figure 43a. Transmission electron micrograph of 48 hr control tissue 
showing epidermal cells (E) with few cellular organelles 
note presence of desmosomes (D) and nucleus(N). 24,000 
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Figure 43b. Transmission electron micrograph of 48 hr control tissue 
showing elongated epidermal cells (E) and increasing in¬ 
tercellular spaces (IS). 24,000 x 
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Figure 44. Transmission electron micrograph of 48 hr control tissue 
showing a progressive loss of orientation among the colla¬ 
gen fibrils (C); cellular disruption is still evident. 
25,200 x 
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Figure 45. Transmission electron micrograph of 48 hr control tissue 
showing scattered collagen fibrils (C) between the sub- 
epidermal cells (SE), note the pigment granules (Arrow) 
surrounding the nucleus (N). 25,600 x 
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Figure 46. Transmission electron micrograph of 48 hr control tissue 
showing a large cell with phagocytic vesicles (PV). 
26,400 x 
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Figure 47. Transmission electron micrograph of 48 hr LACA-treated 
tissue showing an epidermal cell (EC) completely dis¬ 
associated from other epidermal cells; note the small 
nucleus (N). 14,800 x 
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Figure 48. Transmission electron micrograph of 48 hr LACA-treated 
tissue showing a greatly distorted epidermal cell (EC) 
with a small nucleus (N). 14,800 x 
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Figure 49. Transmission electron micrograph of a 48 hr LACA-treated 
tissue showing tightly packed chromatin (C) against the 
nuclear membrane (NM) ; note vacuoles in the cytoplasm. 
14,800 x 
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Figure 50. Transmission electron micrograph of a 48 hr LACA-treated 
tissue showing epidermal cells (EC) with finger-like cyto¬ 




cytoplasmic projections or microvilli at the surfaces. Identifiable col¬ 
lagen fibrils in the LACA-treated tissue (Fig. 51) were located in the ex¬ 
tracellular matrix and scattered in small masses. 
The control tissue (Fig. 52) 72 hr post-amputation showed the 
appearance of "new" collagen fibrils. The fibrils have not assumed the 
characteristic orthogonal appearance indicative of the basement lamina but 
are loosely arranged. Extensive networks of rough endoplasmic reticulum 
and mitochondria were observed in the extracellular matrix (Figs. 53a, 53b) 
some "old" collagen fibrils were still apparent. Dedifferentiation has 
begun by day three in the control tissue (Fig. 54). There were very few 
cells with distinguishing nuclei or other cellular components. Many of 
the cells present were elongated and had numerous vesicles; they were de¬ 
void of any characteristic organization. There was no indication of the 
basement lamina. Muscle dedifferentiation was evident (Fig. 55). The 
distinctive H and Z bands of the muscle bundles have begun to fragment in¬ 
to shorter segments. Phagocytic cells were visible during this time (Fig. 
56) . 
The most striking feature of the 72 hr experimental tissue (Fig. 
57) was the absence of collagen fibrils in the intercellular matrix. The 
cells are highly vesiculated and accumulated electron dense opaque material 
in the distrupted cytoplasm. Golgi complexes in these fibroblast cells 
were greatly reduced in size and not highly developed (Fig. 58). The 
rough endoplasmic reticulum was dilated, in comparison to the 72 hr con¬ 
trol tissue. The fibroblast cells were still loosely disassociated from 
each other, with contact being only between cytoplasmic extensions. The 
presence of "old" collagen was still evident in the extracellular matrix; 
Figure 51. Transmission electron micrograph of 48 hr LACA-treated 
tissue showing isolated collagen fibrils (C) located in 
the extracellular matrix. 11,200 x 
80 
Figure 52. Transmission electron micrograph of 72 hr control tissue 
showing the appearance of "new" collagen fibrils (C) ex¬ 
hibiting a diameter of 150-175 A; note the presence of 
fibroblast cell (F). 24,000 x 
81 
Figure 53a. Transmission electron micrograph of 72 hr control tissue 
showing extensive rough endoplasmic reticulum (ER) and many 
mitochondria (M). Note the vesiculated cytoplasm (C). 
21,600 x 
82 
Figure 53b. Transmission electron micrograph of 72 hr control tissue 
showing extensive rough endoplasmic reticulum (ER), 
mitochondria (M), vacuolated spaces (VS), and the presence 
of "old" collagen (C). 21,600 x 
83 
Figure 54. Transmission electron micrograph of 72 hr control tissue 
shwing dedifferentiation. Note intact nuclei; however, 
most other distinguishing cellular organelles are not 
evident. 21,600 x 
84 
Figure 55. Transmission electron micrograph of 72 hr control tissue 
showing muscle dedifferentiation (M). The distinctive 
H and Z bands have begun to fragment into shorter segments. 
18,400 x 
85 
Figure 56. Transmission electron micrograph of 72 hr control tissue 
showing a phagocytic cell (PC); note numerous intercellu¬ 
lar vesicles (IV). 16,800 x 
86 
Figure 57 Transmission electron micrograph of 72 hr LACA-treated 
tissue. Note the electron dense material (ED) located in 
side the epidermal cells. The mitochondria (M) are great 
ly reduced in size. 16,800 x 
87 
Figure 58. Transmission electron micrograph of 72 hr LACA-treated 
tissue. Collagen fibrils are not seen in the intercellu¬ 
lar spaces (IS). The electron opaque material (ED) is 
still visible. 16,800 x 
88 
89 
these fibrils appeared in different degrees of aggregation from single 
filaments (Fig. 59) to small batches (Fig. 60). There was no indication 
of the basement lamina. 
The regenerating cells in the controls for the fourth day after 
amputation showed considerable cellular activity and varying stages of 
collagen fibrillogenesis. Rough endoplasmic reticulum, mitochondria and 
Golgi complexes were quite noticeable (Figs. 61,62,63). Some of the col¬ 
lagen that was secreted into the matrix has begun to orient between the 
epidermal cells (Fig. 64), the third phase in collagen fibrillogenesis. 
The nucei of these cells exhibited considerable chromatin (Fig. 65). The 
re-appearance of the basement lamina suggested that several layers were 
forming simultaneously (Fig. 66). The filaments have aligned but their 
density was relatively low. 
The LACA-treated tissue during the fourth day was still highly 
vesiculated, with electron opaque materials enclosed in large vacuoles 
(Fig. 67). The endoplasmic reticulum was extensive but the Golgi complexes 
were not as prominent as they were in the 72 hr control tissue (See Fig. 
61). Higher madnification of a fibroblast cell with endoplasmic reticulum 
(Fig. 68) revealed that the endoplasmic reticulum was not highly granular 
as compared to the control of day four (See Figs. 61, 63); the collagen 
fibrils in the extracellular matrix of the experimental tissue was scat¬ 
tered and few (Fig. 69, 70), in contrast to the 4-day control tissue 
(See Figs. 61,62,64). The overall appearance of the cells in the LACA- 
treated tissue exhibited morphological changes that would signify dedif¬ 
ferentiation; there were many cells which contained debris-filled vesicles 
and cytoplasmic protrusions were evident (Figs. 71, 72). 
Figure 59. Transmission electron micrograph of 72 hr LACA-treated 
tissue showing the "old" collagen fibrils (C) scattered 
in the extracellular matrix (EM). 12,000 x 
90 
Figure 60. Transmission electron micrograph of 72 hr LACA-treated 
tissue showing "old" collagen fibrils (C) scattered in 
batches in the extracellular matrix (EM). 12,000 x 
91 
Figure 61. Transmission electron micrograph of 4-day control tissue 
exhibiting dedifferentiation; the extracellular matrix 
(EM) is filled with collagen fibrils (C). The rough en¬ 
doplasmic reticulum (ER), mitochondria (M) and Golgi 
complexes (G) are abundant. 12,000 x 
92 
Figure 62. Transmission electron micrograph of 4-day control tissue 
exhibiting various stages of collagen fibrillogenesis (C) 
there are long (LF) and short (SF) filaments. 12,000 x 
93 
Figure 63. Transmission electron micrograph of 4-day control tissue 
showing a great number of fibroblast cells (FC) and vesi¬ 
cles scattered in the extracellular matrix (EM). 12,000 x 
94 
Figure 64. Transmission electron micrograph of 4-day control tissue 
showing the orientation of collagen fibrils (C) in the 
extracellular space (EM). 12,000 x 
95 
Figure 65. Transmission electron micrograph of 4-day control tissue 
showing an epidermal cell with an elongated nucleus (N) 
with extensive chromatin (C). 17,600 x 
96 
Figure 66. Transmission electron micrograph of 4-day control tissue 
showing the re-appearance of the basement lamina (BL). 
Several collagenous layers (CL) are being formed simul¬ 
taneously. 37,400 x 
97 
Figure 67. Transmission electron micrograph of 4-day LACA-treated 
tissue showing the retention of electron opaque material 
(EM) and the absence of collagen fibrils in the inter¬ 
cellular matrix (IM); rough endoplasmic reticulum is 
evident (ER) 92,400 x 
98 
Figure 68. Transmission electron micrograph of 4-day LACA-treated 
tissue showing the dilated endoplasmic reticulum (ER). 
26,400 x 
99 
Figure 69. Transmission electron micrograph of 4-day LACA-treated 
tissue showing few scattered collagen fibrils (Arrows) 
in the extracellular matrix (EM). 26,400 x 
100 
Figure 70. Transmission electron micrograph of 4-day LACA-treated 
tissue showing few scattered collagen fibrils (Arrows) 
in the extracellular matrix (EM); diameter about 200 A. 
26,400 x 
101 
Figure 71. Transmission electron micrograph of 4-day LACA-treated 
tissue showing dedifferentiation; note the vesiculated 
cytoplasm and the extended nucleus (N). 26,400 x 
102 
103 
Control tissue for day five showed a number of simultaneously occur¬ 
ring events. Dedifferentiation was still evident (Fig. 73) where the pre¬ 
blastema cells continued to lose their characteristic features. Scattered 
fragments of cellular organelles were still visible in some cells (Fig. 74). 
Definitive blastema cells have also formed. They appeared as cells with¬ 
out recognizable structures; however, they did possess large nuclei (Fig. 
75). Numerous endoplasmic reticulum and Golgi complexes were still evident 
(Fig. 76). Basal epidermal cells in the regenerating tissue were found at¬ 
tached to the reformed basement lamina (Figs. 77, 78). The epidermal cells 
were closely associated over both broad and short regions of their surfaces. 
Oriented fibrils of collagen were present in the basement lamina; running 
parallel to one another in the plane of the lamina. They were cylindrical, 
had a diameter of approximately 500 A, and the axial direction showed the 
repeat banding characteristic of collagen - a period averaging about 500 
to 520 A. The most striking feature was that the orientation of the fibrils 
had chaiged abruptly from layer to layer - those of one layer running per¬ 
pendicularly to those of the next adjoining layers (Figs. 77, 78). The 
experimental tissue five days after amputation exhibited an increase in 
the electron dense material found intracellularly (Fig. 79), as compared 
to the 3-day LACA-treated tissue (See Figs. 57, 58). The endoplasmic re¬ 
ticulum was extensive and mitochondria were prominent. The cytoplasm of 
the cells were particulate with large vacuoles present, this appearance 
was indicative of dedifferentiation (Figs. 80, 81). Subepidermal cells 
displayed collagen fibrils which had not assumed the orthogonal alterna¬ 
ting plies of the basement lamina (Figs. 82, 83). The fibrils were loose, 
with no apparent organization. 
Figure 72. Transmission electron micrograph of 4-day LACA-treated 
tissue showing numerous cytoplasmic extensions and the 
debris-filled vesicles (V). 26,400 x 
104 
Figure 73. Transmission electron micrograph of 5-day control tissue 
showing dedifferentiation; note the scattered collagen 
fibrils (C) among the dedifferentiating cells (Arrows). 
17,600 x 
105 
Figure 74 Transmission electron micrograph of 5-day control tissue 
showing pre-blastema cells (Arrows). 12,320 x 
106 
Figure 75. Transmission electron micrograph of 5-day control tissue 
showing blastema cells (BC) which possess large nuclei (N). 
17,600 x 
107 
Figure 76 Transmission electron micrograph of 5-day control tissue 
showing extensive endoplasmic reticulum (ER), Golgi com¬ 
plexes (G), cytoplasmic projections (CP), and collagen 
fibrils (C). 26,400 x 
108 
Figure 77 Transmission electron micrograph of 5-day control tissue 
showing basal epidermal cells (E) attached to the reformed 
basement lamina (BL), note the orthogonal arrangement of 
fibrils. 12,32Q x 
109 
Figure 78 Transmission electron micrograph of 5- day control tissue 
showing the re-appearance of intercellular attachment (Arrows). 
The basement lamina (BL) and nuclei (N) of these epidermal 
cells are quite prominent. 12,320 x 
110 
Figure 79. Transmission electron micrograph of 5-day LACA-treated 
tissue showing a great increase in the electron opaque 
material (EDM) retained intracellularly. 26,400 x 
Ill 
Figure 80. Transmission electron micrograph of 5-day LACA-treated 
tissue showing a particulate cytoplasm with the presence 
of "new" collagen fibrils (Arrow). 26,400 x 
112 
Figure 81. Transmission electron micrograph of 5-day LACA-treated 
tissue showing scattered electron dense material (Arrows) 
throughout the cytoplasm. 26,400 x 
113 
Six day control tissue (Fig. 84) showed a well formed basement 
lamina, with about seventeen aligned layers in an orthogonal pattern. 
The cells in the thickened and multilayered epidermis were intercon¬ 
nected by numerous desmosomes (Fig. 85). Notable cytoplasmic inden¬ 
tations and channels between cells were exhibited (Fig. 86). 
Regenerating experimental tissue, 6-day post-amputation, revealed 
different stages of collagen fibrillogenesis. The collagen fibrils once 
extruded were still laid down in an unorganized fashion (Figs. 87, 88). 
Fibroblast cells with large nuclei were apparent which showed the be¬ 
ginnings of the basement lamina (Figs. 89, 90); in contrast the re-ap¬ 
pearance of the basement lamina occurred in four days in the controls 
(See Fig. 66). A noticeable difference between the reformation of the 
basement lamina of the controls versus the expérimentais was the absence 
of the orientation of fibrils from layer to layer, in the experimental 
tissue. 
Muscle re-differentiation was complete in the 8-day control tis¬ 
sue (Fig. 91). The epidermal cells were closely packed together with 
little intercellular space; desmosomes were still detectable (Fig. 92). 
Components of the cell were quite pronounced, like the Golgi complexes, 
endoplasmic reticulum and mitochondria (Fig. 93). The association be¬ 
tween epidermal and mesenchymal cells was mediated by the basement la¬ 
mina (Figs. 94, 95). 
Blastema cells were present in the 8-day LACA-treated tissue 
(Fig. 96). Such cells were seen earlier in the 5-day control tissue 
(See Fig. 75). Re-differentiation had begun in the experimental tissue, 
the nuclei of these cells were prominent (Fig. 97). The basement lamina 
Figure 82. Transmission electron micrograph of 5-day LACA-treated 
tissue showing loose collagen fibrils (Arrows) with no 
apparent organization. 12,320 x 
115 
Figure 83 Transmission electron micrograph of 5-day LACA-treated 
tissue showing subepidermal cells (SE) surrounded by a loose 
mat of collagen fibrils in various stages of fibrillogenesis. 
(Arrows). 12,320 x 
116 
Figure 84. Transmission electron micrograph of 6-day control tissue 
showing a well formed basement lamina (BL) consisting of 
about 17 aligned layers in an orthogonal pattern. Note 
the fibroblast cell (FC) near the dermal side of the base¬ 
ment lamina. 88,000 x 
117 
Figure 85. Transmission electron micrograph of 6-day control tissue 
showing the thickened cells in the epidermis interconnect¬ 
ed by numerous desmosomes (Arrows). 88,000 x 
118 
Figure 86. Transmission electron micrograph of 6-day control tissue 
showing notable cytoplasmic indentations and channels 
(Arrows) between the epidermal cells. 12,320 x 
119 
Figure 87. Transmission electron micrograph of 6-day LACA-treated 
tissue showing collagen fibrils (C) laid down in an un¬ 
organized fashion in the extracellular matrix (EM). 
17,600 x 
120 
Figure 88. Transmission electron micrograph of 6-day LACA-treated 
tissue showing a large cluster of collagen fibrils (C) 
exhibiting no orthogonal arrangement of fibrils. 17,600 x 
121 
Figure 89. Transmission electron micrograph of 6-day LACA-treated 
tissue showing a large fibroblast cell (FC) and the 
beginnings of the reformation of the basement lamina (BL). 
17,600 x 
122 
Figure 90 Transmission electron micrograph of 6-day LACA-treated 
tissue showing the apparent reformed basement lamina (BL) 
but there is no orientation of fibrils from one layer to 
another. 12,320 x 
123 
Figure 91. Transmission electron micrograph of 8-day control tissue 
showing muscle re-differentiation (M). 26,400 x 
124 
4 
Figure 92. Transmission electron micrograph of 8-day control tissue 
showing the close association between the basal epidermal 
cells with reduced intercellular space (Arrow). 26,400 x 
125 
Figure 93. Transmission electron micrograph of 8-day control tissue 
showing re-differentiation of cellular components. Note 
the rough endoplasmic reticulum (ER) and mitochondria 
(M). 26,400 x 
126 
Figure 94. Transmission electron micrograph of 8-day control tissue 
showing both epidermal (E) and mesenchymal (M) cell sur¬ 
faces. The basement lamina exhibits the characteristic 
bobbins along the basal epidermal surface (B) and the 
periodicity of the collagen fibrils of the basement lami¬ 
na are very distinguishable averaging about 500 to 520 A. 
17,600 x 
127 
Figure 95. Transmission electron micrograph of 8-day control tissue 
showing collagen which has not been added to the basement 
lamina (Arrows). 26,400 x 
128 
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of the LACA-treated tissue has reformed (Fig. 98) but the aligned fibrils 
do not show the discrete periodicity observed in the 6-day control tissue. 
Scanning Electron Microscopy 
The closure of the wound area at 24 hr in the control tail tip is 
almost complete, with only isolated sections where a portion of the wound 
area is still opened (Fig. 99). The epithelial cells that are responsible 
for wound closure are evident. The LACA-treated tail tip (Fig. 100) shows 
a larger wound opening and the tissue is greatly distorted in the wound 
area as compared to the control. There appears to be a section of the 
wound area that is closed, but this closure has not occurred in an orderly 
fashion. A higher magnification of the 24 hr control tissue (Fig. 101) 
shows both edges of the wound area and the advancing front of epidermal 
cells to the wound cavity. The 24 hr LACA-treated tail tip does not ex¬ 
hibit this advancing front of epidermal cells towards the wound area (Fig. 
102). Another noticeable feature at 24 hr is the characteristic oval or 
circular shape of the cells found in the wound cavity of the control 
(Fig. 103) and the appearance of the sweeping or migrating movement of 
the epidermal cells in the wound area. The 24 hr experimental tail tip 
(Fig. 104) shows irregularly shaped cells and the migrating epidermal 
cells are not evident. 
The wound is completely closed the second day after amputation 
along the entire wound edge in the control tail tip (Fig. 105). In the 
area of the notochord, there is still evidence of the migrating epider¬ 
mal cells. A smooth or uniform closure of the wound has occurred. The 
48 hr experimental tail tip (Fig. 106) appears to be closed; there are 
only isolated areas in which one notices an open area. Even though the 
Figure 96. Transmission electron micrograph of 8-day LACA-treated 
tissue showing the appearance of blastema cells (B). 
26,400 x 
130 
Figure 97. Transmission electron micrograph of8-day LACA-treated 
tissue showing re-differentiation. Note the presence 
of intercellular structures like the endoplasmic re¬ 
ticulum (ER) and collagen (C) in the matrix. 12,320 x 
131 
Figure 98 Transmission electron micrograph of 8-day LACA-treated 
tissue showing the reformed basement lamina (BL). The 
aligned collagen fibrils do not show discrete periodicity 
and the orientation of fibrils is irregular. 17,600 x 
132 
Figure 99. Scanning electron micrograph of 24 hr control tail tip 
showing an open wound area (Arrow). 4,158 x 
133 
Figure 100. Scanning electron micrograph of 24 hr LACA-treated tail 
tip showing a large wound opening with greatly distorted 
tissue (Arrow). 2,200 x 
134 
Figure 101. Scanning electron micrograph of 24 hr control tail tip 
showing epidermal cells (E) that have migrated towards 
the wound area (Arrow). 9,152 x 
135 
Figure 102. Scanning electron micrograph of 24 hr LACA-treated tail 
tip showing a higher magnification of distorted cells (DC) 
found in the wound area. 4,158 x 
136 
Figure 103. Scanning electron micrograph of 24 hr control tail tip 
showing the characteristic oval or circular shape of 
cells found in the wound cavity (Arrows). 26,972 x 
137 
Figure 104. Scanning electron micrograph of 24 hr LACA-treated tail 
tip showing irregularly shaped cells found in the wound 
cavity (Arrows). 16,236 x 
138 
139 
wound edges have migrated towards each other, there is evidence that the 
two edges have not completely fused (Fig. 107). A higher magnification 
of the 48 hr control tail tip (Fig. 108) shows a section of the migrating 
epidermal cells in the mound of the wound area. The cells are pentagonal 
and have distinguishing membrane boundaries. The 48 hr experimental tail 
tip (Fig. 109) also exhibits distinctive cells in the wound area; however, 
these cells are more elongated and flattened. One noticeable feature is 
the absence of a mucus-like substance which covers the cells in the con¬ 
trol. The flattened cells on the wound surface of the 48 hr control 
(Fig. 110) show ridge-like folds of the plasmalemma. These ridge-like 
folds occur in the LACA-treated tail tip (Fig. Ill) but they appear less 
compact than the ones in the controls. 
The 72 hr control tail tip (Fig. 112) shows a greater accumulation 
of cells at the wound surface; however, the experimental tail tip (Fig. 
113) exhibits a monolayer of flattened epidermal cells at the wound sur¬ 
face. Increase magnification shows that the 72 hr control tail tip (Fig. 
114) still displays a heavy mucus-like covering over the epidermal cells 
in the regenerated area and the cells still possess highly distinguishable 
boundaries. A closer look at the membrane boundary shows that there are 
fine threadlike connections from one membrane boundary to the next (Fig. 
115) . In the 72 hr LACA-treated tail tip (Fig. 116) the epidermal cells 
are still flattened in the wound surface, but have now assumed the penta¬ 
gonal form that was evident in the 48 hr control tail tip. The membrane 
boundaries are not as distinct as those in the 72 hr control (See Fig. 
114). 
The regenerating cells in the tail tip at day four have increased 
Figure 105. Scanning electron micrograph of 48 hr control tail tip 
showing complete wound closure (Arrow). 16,236 x 
140 
Figure 106. Scanning electron micrograph of 48 hr LACA-treated tail 
tip showing apparent wound closure (Arrow) with isolated 
areas in which the wound is still opened (W). 12,716 x 
141 
106 
Figure 107. Scanning electron micrograph of 48 hr LACA-treated tail 






Figure 108. Scanning electron micrograph of 48 hr LACA-treated tail 
tip showing pentagonal cells having distinguishing mem¬ 
brane boundaries (Arrows). 10,912 x 
143 
Figure 109. Scanning electron micrograph of 48 hr LACA-treated tail tip 
showing epidermal cells which are elongated and flattened 
on the wound surface (Arrow). 10,912 x 
144 
Figure 110. Scanning electron micrograph of 48 hr control tail tip 
showing the epidermal cells on the wound surface which 
display ridge-like folds in the plasmalemma (Arrow). 
39,182 x 
145 
Figure 111 . Scanning electron micrograph of 48 hr LACA-treated tail 
tip showing epidermal cells on the wound surface which 
display ridge-like folds in the plasmalemma but they are 
not as tightly packed as the controls (Arrows). 39,182 x 
146 
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Figure 112. Scanning electron micrograph of 72 hr control tail tip 
showing an accumulation of epidermal cells at the wound 
surface (Arrow). 17,468 x 
147 
Figure 113. Scanning electron micrograph of 72 hr LACA-treated tail 
tip showing epidermal cells (E) at the regenerated sur¬ 
face which are flattened and the presence of incomplete 
fusion of the epidermal cells in the wound area (Arrow). 
17,600 x 
148 
Figure 114. Scanning electron micrograph of 72 hr control tail tip 
displaying a heavy mucus-like covering over the epider¬ 
mal cells in the regenerated area (Arrows). 50,820 x 
149 
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markedly in thickness and are more rounded in appearance (Fig. 117). The 
number of folds in the plasmalemma have increased, forming distinct cellu¬ 
lar microappendages. Numerous microplicae (Fig. 118) can be found cover¬ 
ing the free surface of many of these epidermal cells in the regenerated 
tail tip. The 4-day experimental tail tip (Fig. 119) displays little in¬ 
crease in cell thickness and still maintains a flatten pattern with undis- 
tinguishable morphological changes. The ridge-like folds of the plasma- 
lemma are exhibited with membrane boundaries but these cells retain a some¬ 
what smooth relief (Fig. 120) as compared to the control. 
The epidermal cells at day five post-amputation are greatly enlarged 
in the control (Fig. 121), as compared to the 72 hr control (See Fig. 114). 
The cell surface is covered with microplicae and other smaller projections 
resembling microvilli (Fig. 122). The experimental tail tip at day five 
shows several changes in surface topography (Fig. 123); changes in cell 
shape and the presence of microplicae. Structures that resemble micro¬ 
villi are somewhat distorted (Fig. 124). 
The cells in the regenerated portion of the tail tip at day six 
(Fig. 125) display a mountainous-like appearance in the controls. A closer 
look at these cells in this area shows variation in size as well as in 
shape; they include rounded cells as well as irregularly shaped cells 
with surfaces that are corrugated (Fig. 126). Many of the cells in the 
6-day experimental tail tip exhibit morphological changes that were not 
present in the stage of flattened cells (Fig. 127) represented during 
the third and fourth day in the expérimentais. There are various shallow 
and deep indentations and irregularly shaped cells. There is evidence 
of an increase in the amount of mucus-like substance that covers the 
Figure 115 . Scanning electron micrograph of 72 hr control tail tip 
showing fine thread-like connections from one membrane 
boundary to the next (Arrows) in the epidermal cells in 
the regenerated area. 50,820 x 
151 
Figure 116. Scanning electron micrograph of 72 hr LACA-treated tail 
tip showing the pentagonal appearance of the epidermal 
cells in the regenerated area (Arrows). 51,040 x 
152 
Figure 117. Scanning electron micrograph of 4-day control tail tip 
showing epidermal cells which have increased markedly in 
thickness and are more rounded in appearance. 41,580 x 
153 
Figure 118. Scanning electron micrograph of 4-day control tail tip 
showing an increase in the folds of the plasmalemma of the 
epidermal cells; numerous microplicae (Arrows) can be 
found covering the free surface of many of these epidermal 
cells. 23,100 x 
154 
Figure 119. Scanning electron micrograph of 4-day LACA-treated tail 
tip showing little increase in cell thickness and still 
maintaining a flattened appearance. 41,580 x 
155 
Figure 120. Scanning electron micrograph of 4-day LACA-treated tail 
tip showing the ridge-like folds of the plasmalemma 
(Arrow) with a somewhat smoother relief. 23,100 x 
156 
Figure 121. Scanning electron micrograph of 5-day control regenerated 
tail tip showing the greatly enlarged epidermal cells (E) 
at the regenerated tip. The membrane boundaries (Arrows) 
of these cells are quite pronounced. 61,600 x 
157 
Figure 122. Scanning electron micrograph of 5-day control regenerated 
tail tip showing the epidermal surface covered with micro¬ 
plicae (M) and other smaller projections resembling micro¬ 
villi (Arrows). 64,680 x 
158 
Figure 123. Scanning electron micrograph of 5-day LACA-treated regenerated 
tail tip showing increased folds in the plasmalemma (P) and 
distinct membrane boundaries (Arrows). 6,600 x 
159 
Figure 124. Scanning electron micrograph of 5-day LACA-treated regenerated 
tail tip showing the somewhat distorted microplicae (Arrows) 
at the surface. 45,100 x 
160 
Figure 125. Scanning electron micrograph of 6-day control regenerated 
tail tip showing a great increase in the number of epi¬ 
dermal cells present (Arrow). 33,880 x 
161 
Figure 126. Scanning electron micrograph of 6-day control regenerated 
tail tip showing the epidermal cells in various sizes and 
shapes; rounded cells (R) as well as irregularly shaped 
cells with corrugated surfaces (I). 49,500 x 
162 
Figure 127. Scanning electron micrograph of 6-day LACA-treated re¬ 
generated tail tip showing distinct changes in surface 
topography. There are various shallow and deep indenta¬ 
tions (Arrows). 33,880 x 
163 
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epidermal cells and the ridge-like folds in the plasmalemma are more 
distinct (Fig. 128). The morphological changes seen here resemble those 
of the 4-day control tail tip. 
Figure 128. Scanning electron micrograph of 6-day LACA-treated 
regenerated tail tip showing an increase in the mucus¬ 





Regeneration may be defined as a phenomenon of growth and dif¬ 
ferentiation whereby a lost or damaged body part is formed anew. The 
essential events in the process of regeneration resemble those of embry¬ 
onic development. Migration of epithelial cells to the wound area; a 
period of rapid division to form a mass of cells, and differentiation of 
this mass into particular components (Singer, 1973). In order for this 
interaction among cells to occur, they must be in contact with a suit¬ 
able physical substratum. This substratum has often been found to be 
the basement lamina, a structure composed mainly of collagen and other 
macromolecules. Cohen (1972) demonstrated that in the development of the 
skin in chick embryos, attachment to a physical substratum is one per¬ 
missive factor for mitosis and normal tissue development. 
Weiss and Ferris (1956) suggested that collagen was capable of 
developing striking organization external to the cells that produce it. 
After repair in amphibian larvae, uniform collagen fibers appeared at 
random between the epidermal and the adjacent mesodermal cells. These 
investigators observed from the epidermal surface downward, a wave of 
re-organization among the fibers, resulting in straightening, orientation 
and packing of fibrils into characteristic layers. It was concluded 
that this progressive organization of fibrils was closely associated 
with the basal surface of the epidermal epithelium. Gross (1956) re¬ 
ported that it is conceivable that structures and organelles such as 
cell membranes, endoplasmic reticulum, etc., are formed, dissolved and 
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reformed by the spontaneous association of high polymer building blocks 
under the influence of physical chemical forces, the collagen system 
being a simplified example of such a process. 
The basement lamina is a collagen system. It is the interface 
that allows interactions between epithelial and mesenchymal tissue, 
leading to tissue differentiation and pattern elaboration (Eyre, 1980; 
Kelly and Bluemink, 1974; Rubin and Saunders, 1972). Since regeneration 
occurs mainly as the result of interaction between epithelial and mesen¬ 
chymal tissue, and this is mediated by the basement lamina, then re¬ 
generation is a collagen-requiring system (Ross and Benditt, 1965; 
Grillo et al., 1967). 
The analog of proline, L-azetidine-2-carboxylic acid (LACA) was 
used in this study because it has been substantiated by a number of 
investigators (Miller and Matukas, 1974; Salpeter, 1968; Weinstock and 
Leblond, 1974) that proline is a major constituent of collagen. Pro¬ 
line and hydroxyproline together makeup as much as 25% of the links in 
the collagen molecule, prevent easy rotation of the regions in which 
they are located, thus impairing rigidity and stability to the collagen 
molecule (Gross, 1961). The analog would compete with proline for in¬ 
corporation into collagen, thereby resulting in the production of a 
faulty collagen molecule (Takeuchi and Prockop, 1969; Takeuchi et al., 
1969; Uitto and Prockop,1974). Interference with normal collagen syn¬ 
thesis by LACA has been substantiated by the above investigators and 
others (Rosenbloom and Prockop, 1970; Lane et al., 1971b; Kerwar et 
al., 1975). The data produced indicated that LACA reduced the synthe¬ 
sis and secretion of normal collagen. Therefore, an investigation was 
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warranted to study the effects of LACA on regeneration, a collagen re¬ 
quiring system. The observations reported in this study support and 
extend the data from a previous investigation (Hicks, 1978) that LACA 
impeded the rate and progress of regeneration by inhibiting the refor¬ 
mation of the basement lamina. Gross observations of amphibian larvae 
indicated that LACA suppressed the rate of regeneration. A marked 
difference in the amount of regrowth in the controls versus the expéri¬ 
mentais was evident on the 3rd and 5th days, and still noticeable on 
the 10th day after amputation. This was further substantiated by com¬ 
paring measurements of regrowth in the controls and the LACA-treated 
larvae. The difference in the rate of regrowth in the controls as com¬ 
pared to the expérimentais was shown to be statistically significant, 
either at the 95 or 99 percentile. The lag in rate of regeneration in 
the expérimentais was prominent from the 1st day after amputation up to 
the 15th day of regeneration. On the 15th day, the effect of LACA treat¬ 
ment on the expérimentais had diminished and the rate of regeneration 
proceeded at a close to normal pace. 
Histological observations showed that the sequential events that 
occur during the process of regeneration were suppressed in LACA-treated 
tissue. Wound closure occurred 48 hr after amputation in the controls, 
the time normally observed in amphibians (Thornton, 1968), but required 
72 hr in the experimental tissue. One reason for the longer period of 
time for wound closure was the absence of a distinct wound cavity in the 
expérimentais. Mufti and Simpson (1972) have stated that wound cavities, 
which result from the automized muscle bundles, allow for an initial and 
immediate collapse of the epidermis around, the periphery of the wound. 
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This expedites the wound healing process by reducing the area of the 
wound surface. 
Dedifferentiation did not occur until the 5th day after amputation 
in the LACA-treated tissue in this investigation. It began on the 3rd 
day in the controls. Simpson (1965) had already demonstrated that de¬ 
differentiation in the regenerating tail of the lizard, Lygosoma latérale, 
occurred three days following autotomy. 
The reformation of the basement lamina following dedifferentiation 
in LACA-treated tissue was suppressed. Due to this delay, cell prolifera¬ 
tion was decreased. Cohen (1972) demonstrated that attachment to a physi¬ 
cal substratum (for example, basement lamina) is a necessary factor for 
mitosis during tissue development. If cell proliferation is decreased, 
then the formation of the blastema will also de delayed (Bernfield et al., 
1973;Goss, 1968; Krawczyk, 1971; Schmidt, 1968; Thornton, 1968). Blas¬ 
tema formation in LACA-treated tissue was delayed as much as four days, 
as compared to its occurrence in 5-day tissue of the control. Hay (1962) 
demonstrated that blastema formation in the young larvae of Amblystoma 
punctatum formed 5 days after amputation. The basement lamina was also 
shown to be present during this phase of regeneration. Again the results 
mentioned by Hay are consistent with the observations from control tissue 
in the current investigation. 
Redifferentiation will not occur until the formation of the blas¬ 
tema is complete (Singer, 1973). Therefore, redifferentiation in LACA- 
treated tissue did not progress at the normal rate. Subsequently, all 
of the events in the process of regeneration were suppressed until the 
effects of LACA disappeared and collagen metabolism was restored to 
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normal. By the 10th day after amputation, regeneration had been restored 
almost to normal in the LACA-treated tissue. A noticeable event in this 
experimental tissue was the development of the basement lamina. 
Ultrastructural studies further substantiated the observations 
exhibited in gross and histological work. During the period of wound 
closure the experimental tissue was extensively damaged, as compared to 
the control; this damage was evident in transmission and scanning studies. 
Epidermal cell migration to the wound area was not visible to the experi¬ 
mental tissue when viewed by scanning electron microscopy. However, the 
control tissue exhibited an advancing front of epidermal cells to the 
wound area. Epithelial cell migration to wound surfaces was demonstrated 
earlier in studies by Hay (1974), Krawczyk (1971), Radice (1980) and 
Repesh and Oberpriller (1978). 
The third day after amputation revealed "new"collagen fibrils in 
the control tissue. "New" collagen fibrils were identified according to 
the criteria of Kemp (1959) as short filaments with a diameter of the 
order of 150-175 A. This event of the appearance of "new" collagen fibrils 
coincided with the work of Ross and Benditt (1965) who studied collagen 
formation during wound healing. These investigators also noticed the 
presence of extensive endoplasmic reticulum and highly developed Golgi 
complexes during this same time. The cellular organelles mentioned were 
also observed in the control tissue in the current study. The experimen¬ 
tal tissue, however, showed that electron dense material was retained 
in membrane-bound vesicles and vacuoles and not extruded into the extra¬ 
cellular matrix. The electron dense material seen here was representa¬ 
tive of intracellular microfibrils identified by Kemp (1959), Meek (1966) 
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and Porter (1964). They reported on the biosynthesis of intracellular 
macromolecules in which collagen was one major component of these 
studies. 
Cellular changes indicative of dedifferentiation were also found 
in 3-day control tissue. Scanning electron microscopy showed an increase 
in the number of cells at the regenerating tail tip. This agrees with 
the onset of dedifferentiation, since during this time cells are losing 
their characteristic structure and are contributing to cellular pro¬ 
liferation (Yakovleva, 1943a,b). The experimental tissue at day three 
exhibited no increase in cells at the regenerating tail tip. The extra¬ 
cellular matrix of the 3-day control tissue had undergone considerable 
change, as viewed with transmission electron microscopy. Cells in the 
matrix were flattened, showed condensed chromation and one or more nucleo¬ 
li. The particulate cytoplasm contained Goligi centers, few mitochondria 
and granular endoplasmic reticulum. Extracellular spaces were abundant 
and there were clusters of linearly oriented collagen fibrils seen in 
these spaces. Another noticeable feature was the absence of junctional 
structures (e.g., gap junctions, desmosomes) at three days post-amputa¬ 
tion. Kelly and Bluemink (1974) observed many of the same changes in 
their study on cell and matrix differentiation during early limb develop¬ 
ment in Xenopus laevis. They reported that the structural changes of 
the extracellular matrix were instrumental in the epitheliomesenchymal 
interaction of early limb development. The 3-day experimental tissue 
exhibited none of these characteristics of dedifferentiation. 
Muscle dedifferentiation had occurred by day three in the con¬ 
trol tissue. This event was reported by others to have occurred 3-days 
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after amputation during regeneration (Allbrook, 1962; Hay, 1963; 
Schmidt, 1968). Muscle dedifferentiation was not observed at this time 
in the LACA-treated tissue. 
Surface topography in the 4-day control was quite definitive in 
showing external changes. The epidermal cells were distinct and dis¬ 
played prominent membrane boundaries. The appearance of the epidermis 
in the 4-day regenerating tail tip of the control was the same as that 
observed by Tarin and Sturdee (1971). They studied the developing ecto¬ 
derm during limb development in Xenopus laevis with the use of scanning 
electron microscopy. The LACA-treated tissue of four days showed no dis¬ 
tinguishing changes in surface topography. 
Cellular changes were still evident in the 4-day control tissue 
but the most prominent feature was the beginning of the reformation of 
the basement lamina. The disassociation of the basement lamina and its 
subsequent reformation observed in this investigation coincided with 
previous works on this structure in amphibian larvae. Eakin and Lehamann 
(1957), Kemp (1959), Voute (1963), Weber (1961), Weiss and Ferris (1954a, 
b; 1956) all demonstrated that the events leading to the reformation of 
the basement lamina post-wounding are the following: (1) epidermal cells 
covering the exudate by migration; (2) uniform fibrils of small size 
(200 A) appearing in the space between the epidermal underside and sub¬ 
jacent fibroblast; (3) proceeding from the epidermal surface downward, 
a wave of organization spreading over the primitive fiber tangle, re¬ 
sulting in the fibrils becoming (a) straightened, (b) oriented, (c) 
packed into the characteristic layered structure, and (d) brought into the 
500 A diameter class. All of these events were demonstrated with the 
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exception of the last, which was evident in the 5-day control tissue. 
The experimental tissue at day four exhibited "new" collagen but the 
density of the collagen fibrils in the extracellular matrix was greatly 
reduced as compared to the control at day four. 
Blastema cells were present in the five day control tissue, a 
feature reported also by Hay (1966; 1974) in her work on regeneration 
in amphibians. The basement lamina was still forming at this time and 
the reassociation of the basal epidermal cells was apparent: cellular 
junctions had also reappeared. These observations were similar to those 
obtained in studies by Billett and Gould (1971) and Norman and Schmidt 
(1967) in which they described contacts between cell surfaces and the 
basement lamina during amphibian limb regeneration. The 5-day LACA-treat- 
ed tissue showed initial signs of redifferentiation. The collagen fibrils 
were disarrayed in the extracellular matrix with no distinct orientation. 
Day six in the control tissue represented a continuation of re¬ 
differentiation. Scanning electron microscopy displayed various changes 
in cell shape and size which would be evidence for morphological changes. 
The experimental tail tip also revealed changes in surface topography. 
Transmission electron microscopic studies showed that the sixth day the 
basement lamina had begun to reform; large fibroblast cells were displayed 
and one could see the random but oriented fibrils between the epidermal 
underside and the subjacent fibroblast cells. Various investigators 
(Hay and Revel, 1963; Berliner, 1969; Porter, 1964; Overton, 1976) have 
substantiated that epidermal or fibroblast cells are responsible for the 
synthesis of collagen fibrils, which contribute to the reformation of the 
basement lamina 
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Re-differentiation of muscle was complete by the eighth day of 
regeneration and the basement lamina was well formed in the control tis¬ 
sue. The experimental tissue showed a reformed basement lamina but the 
fibrils that comprised the lamina were irregular in their orientation, 
as compared to the control. 
The data presented in this study demonstrated, therefore, that 
the proline-analog, L-azetidine-2-carboxylic acid, inhibited collagen 
fibrillogenesis in the reformation of the basement lamina during the 
process of regeneration. Due to this inhibition, all of the events of 
regenerations were impeded. It is apparent that the basement lamina 
and other components of the extracellular matrix are important in func¬ 
tionally integrating the cellular events which may underlie morphogene¬ 
sis in the tail of amphibian larvae during its regeneration. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
1. Tail tips (1 cm) were amputated from amphibian larvae (Rana 
clamitans and the amputated area of the expérimentais tadpoles was 
swabbed with a 0.5% solution of LACA, five times during a 60 min 
period. The untreated control tail tips were allowed to regenerate 
normally. 
2. Gross observations indicated that LACA suppressed the rate of regenera¬ 
tion in the experimental larvae in comparison to the control. The a- 
mount of regrowth was 1.06 cm in the controls versus 0.70 cm in the 
expérimentais 20 days post-amputation. 
3. Histological examination of control and experimental tissue indicated 
that LACA suppressed the progress of regeneration. Wound healing, 
the formation of the blastema were delayed; the reformation of the 
basement lamina was inhibited. Subsequently, all events in the pro¬ 
cess of regeneration were suppressed. Re-differentiation occurred on 
the sixth day after amputation in the controls in comparison to eight 
days in the experimental tissue. 
4. Transmission electron microscopic studies of control and experimental 
tissue indicated that cellular destruction was greater in the experi¬ 
mental tissue at 24 hr and 48 hr post-amputation than in the control. 
5. Collagen fibrillogenesis was inhibited in the LACA-treated tissue but 
not in the control. The amount of collagen fibrils visible in the 
extracellular matrix was markedly reduced in the expérimentais. 
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6. The reformation of the basement lamina was observed on day four post¬ 
amputation in the controls as compared to day six in the experimental 
tissue. 
7. The periodicity and orthogonal appearance of the fibrils of the base¬ 
ment lamina were irregular in the experimental tissue as compared to 
the control. 
8. Scanning electron microscopic studies indicated that the cells in the 
wound area of the expérimentais were greatly distorted as compared to 
the controls. Wound closure was evident 48 hr after amputation in the 
controls; however, 72 hr was required for complete wound closure in 
the expérimentais. 
9. Changes in surface topography such as microplicae and microappendages 
were evident at day three post-amputation in the controls, as compared 
to day five in the expérimentais. 
10. In conclusion, LACA suppressed the rate and sequential events in the 
progress of regeneration. The suppression of these events was due to 
LACA's inhibitory effect on the reformation of the basement lamina dur¬ 
ing the process of regeneration via inhibiting collagen fibrillogenesis. 
Therefore, it is apparent that the basement lamina mediates cellular 
events which are responsible for normal tail morphogenesis in amphi¬ 
bians during the process of regeneration. 
177 
LITERATURE CITED 
Allbrook, D. 1962. An electron microscopic study of regenerating skele¬ 
tal muscle. J. Anat. 96:137-152. 
Aydelotte, M. and D.M. Kochhar. 1972. Development of mouse limb buds on 
organ culture: chondrogenesis in the presence of proline analog, 
L-azetidine-2-carboxylic acid. Dev. Biol. 28:191-201. 
Berg, R.A. and D.J. Prockop. 1973. The thermal transition of a non-hy- 
droxylated form of collagen. Evidence for a role of hydroxyproline 
in stabilizing the triple-helix of collagen. Biochem. Biophys. Res. 
Commun. 52:115-120. 
Berliner, J. 1969. The effects of the epidermis on the collagenous base¬ 
ment lamella of anuran larval skin. Dev. Biol. 20:544-562. 
Bernfield, M.R., R.H. Cohen, and S.D. Banerjee. 1973. Glycosaminoglycans 
and epithelial organ formation. Am. Zool. 13:1067-1083. 
Billett, F.S. and R.P. Gould. 1971. Fine structural changes in the dif¬ 
ferentiating epidermis of Xenopus laevis embryos. J. Anat. 108: 
465-480. 
Cohen. S. 1972. Epidermal growth factor. J. Investig. Dermatol. 40: 
1-6. 
Cooper, G.W., and D. Prockop. 1968» Intracellular accumulation of proto¬ 
collagen and extrusion of collagen by embryonic cartilage cells. 
J. Cell Biol. 38:523-537. 
Dancewicz, A.M., and K.I. Altman. 1967. The effects of azetidine-2- 
carboxylic on in vitro synthesis of collagen in polyvinyl-sponge 
granulomas from rats. Fed. Proc. (Abstr.) 26:832. 
178 
Eakin, R.M., and F.E. Lehmann. 1957. An electronmicroscopic study of 
developing amphibian ectoderm. Roux Archiv für Entwicklungsmech. 
150:177-198. 
Fowden, L. 1956. Azetidine-2-carboxylic acid: a new imino acid occurring 
in plants. Biochem. J. 64:323-332. 
  1963. The inhibitory effects of azetidine-2-carboxylic acid 
of Phaseolus aureus, the mingbean. J. Exp. Bot. 58:142-146. 
Fowden, L., and M.H. Richmond. 1963. Replacement of proline by azetidine- 
2-carboxylic acid during biosynthesis of protein. Biochim. Biophys. 
Acts (Short communication) 71:459-461. 
Fowden, L., and F.C. Steward. 1957. Nitrogenous compounds and nitrogen 
metabolism in the Liliaceae. The occurrence of soluble nitrogenous 
compounds. Ann. Bot. 21:53-67. 
Galbraith, D.B. 1976. In vitro utilization of exogenous procollagen by 
embryonic tooth germs. J. Exp. Zool. 197:135-140. 
Gomot, L., and J. Bride. 1976. In vitro effects of LACA on uropygial 
invaginations development and glandular bud branching in duck em¬ 
bryo. C.R. Seances Soc. Biol. Fil. (.Abstr.) 170:579. 
Goss, R.G. 1968. Principles of regeneration. Academic Press, New York. 
Grant, P. 1978. Biology of developing systems. Holt, Rinehart and 
Winston, New York. 
Grillo, H.C., C.M. Lapiere, M.H. Dresden, and J. Gross. 1967. Collageno- 
lytic activity in regenerating forelimbs of the adult newt 
(Triturus vividescens). Dev. Biol. 17:571-583. 
Gross, J. 1956. The behavior of collagen as a model in morphogenesis. 
179 
J. Biophys. Biochem. Cytol. 2(Supp.):261-274. 
Gross, J. 1961. Collagen, jfo P.C. Hanawalt and R.H. Haynes (eds.) The 
chemical basis of life: an introduction to molecular and cell 
biology. 67-75. W.H. Freeman and Co., San Francisco. 
Hall, B.K. 1978. Use of the L-proline analog, L-azetidine-2-carboxylic 
acid (LACA) to analyse embryonic growth and determination and ex¬ 
pression of the chondrogenic phenotype in vivo and in vitro. Anat. 
Rec. 190:243-256. 
Hauschka, S.D., and I.R. Konigsberg. 1966. The influence of collagen on 
the development of muscle clones. Proc. Natl. Acad. Sci. 55:119- 
126. 
Hay, E.D. 1962. Cytological studies of dedifferentiation and differen¬ 
tiation in regenerating amphibian limbs. In D. Rudnick (ed.) 
Regeneration. 117-210* Ronald Press, New York. 
____________ 1963. The fine structure of differentiating muscle in the 
salamander tail. Zeits. fUr Zellforsch. 59:6-34. 
_________ 1966. Regeneration. Hold, Rinehart and Winston, New York. 
  1974. Cellular basis of regeneration. In J. Lash and J.R. 
Whittaker (eds.) Concepts of development, Sinauer Associates Inc., 
Sunderland, Massachusetts. 
Hay, E.D., and S. Meier. 1974. Glycosaminoglycan synthesis by embryonic 
inductors: neural tube, notochord and lens. J. Cell Biol. 62: 
889-898. 
Hay, E.D., and J.P. Revel. 1963. Autoradiographic studies of the origin 
of the basement lamella in Ambystoma. Dev. Biol. 7:152-168. 
180 
Hicks, H.E. 1978. The effects of L-azetidine-2-carboxylic acid on tail 
regeneration in Rana clamitans larvae. Master's Thesis. Atlanta 
University. 
Hino, Y. 1979. Effects of L-azetidine-2-carboxy'iic acid on the bone and 
skin of mice. Nichidai Igaku Zasshi 37:1309-1320. 
Jimenez, S., M. Harsch, and J. Rosenbloom. 1973. Hydroxyproline stabi¬ 
lizes the triple-helix of chick tendon collagen. Biochem. Biophys. 
Res. Commun. 52:106-114. 
Karnovsky, M.J. 1965. A formaldehyde-glutaraldehyde fixative of high 
osmolality for use in electron microscopy. J. Cell Biol. 27: 
137A-138A. 
Kelley, R.O., and J.G. Bluemink. 1974. An ultrastructural analysis of 
cell and matrix differentiation during early limb development in 
Xenopus laevis. Dev. Biol. 37:1-17. 
Kemp. N.E. 1959. Development of the basement lamella of larval anuran 
skin. Dev. Biol. 1:459-476. 
Kerwar, S.S., R.J. Marcel, and R.A. Salvador. 1975. Reduction of prolyl 
hydroxylase activity in L-929 fibroblasts by proline analogs. 
Biochem. Biophys. Res. Commun. 64:1275-1280. 
Krawczyk, W.S. 1971. A pattern of epidermal cell migration during wound 
healing. J. Cell Biol. 49:247-263. 
Lane, J.M., P. Dehm, and D.J. Prockop. 1971a. Effect of the proline 
analogue azetidine-2-carboxylic acid on collagen synthesis in vivo: 
arrest of collagen accumulation in growing chick embryos. Biochem. 
Biophys. Acta 236:517-527. 
181 
Leushner, J., and J. Pasternak. 1978. Collagen production by the free- 
living nematode Panagrellus silusiae in the presence of the pro¬ 
line analogue L-azetidine-2-carboxylic acid. J. Exp. Zool. 204: 
155-162. 
Meek, G.A. 1966. Intracellular collagen fibres. J. Physiol. 182:3p-4p. 
Miller, E.J., and V.J. Matukas. 1974. Biosynthesis of collagen: the 
biochemist's view. Fed. Proc. 33:1197-1204. 
Mufti, S.A., and S.B. Simpson. 1972. Tail regeneration following auto- 
tomy in the adult salamander Desmognathus fuscus. J. Morphol. 
136:297-312. 
Norman, W.P., and A.J. Schmidt. 1967. The fine structure of tissue in 
the amputated regenerating limb of the adult newt, Diemictylus 
viridescens. J. Morphol. 123:271-312. 
Overton, J. 1976. Scanning microscopy of the collagen in the basement 
lamella of normal and regenerating frog tadpoles. J. Morphol. 
150:805-824. 
Porter, K.R. 1964. Cell fine structure and biosynthesis of intercellu¬ 
lar macromolecules. Biophys. J. 4:167-196. 
Radice, G.P. 1980. The spreading of epithelial cells during wound 
closure in Xenopus larvae. Dev. Biol. 76:26-46. 
Repesh, L.A., and J.C. Oberpriller, 1978. Scanning electron microscopy 
of epidermal cell migration in wound healing during limb regenera¬ 
tion in the adult newt, Notophthalmus viridescens. Amer. J. Anat. 
151:539-544. 
Rosenbloom, J., and D.J. Prockop. 1970. Incorporation of 
182 
3,4-dehydroproline into protocollagen and collagen. J. Biol. Chem. 
245:3361-3368. 
Ross, R., and E.P. Benditt. 1965. Wound healing and collagen formation. 
J. Cell Biol. 27:83-106. 
Rubin, L., and J.W. Saunders. 1972. Ectodermal-mesodermal interactions 
in the growth of limbs in chick embryos. Dev. Biol. 28:94-112. 
Ruch, J.V., H. Fabre, V. Karcher-Djuricic, and A. Staeublis. 1975. The 
effects of L-azetidine-2-carboxylic acid (analogue of proline) on 
dental cytodifferentiation in vitro. Different. 2:211-220. 
Salpeter, M.M. 1968. H-proline incorporation into cartilage: electron 
microscope autoradiographic observations. J. Morphol. 124:387- 
422. 
Schmidt, A.J. 1968. Cellular biology of vertebrate regeneration and 
repair. The University of Chicago Press. Chicago, Illinois. 
Simpson, S.B. 1965. Regeneration of the lizard tail. In V. Kiortsis 
and H. Trampusch (eds.) Regeneration in Animals and Related Prob¬ 
lems. 431-443. North-Holland Publishing Co., Amsterdam. 
Singer, M. 1973. Limb regeneration in the vertebrates. Addison-Wes- 
ley Module in Biology #6. Addison-Wesley Publishing Co., Inc., 
Reading, Massachusetts. 
Steward, F.C., J.K. Pollard, A.A. Patchett, and RB„ Witkop. 1958. The 
effects of selected nitrogen compounds on the growth of plant 
tissue cultures. Biochim. Biophys. Acta 28:308-317. 
Strudel, G. 1975. Effects of L-azetidine-2-carboxylic acid and of 5- 
bromodeoxyuridine, in vivo and in vitro, on the development of 
183 
the chick skeleton. Teratol. (Abstr.) 12:336. 
Sudo, H., K. Kambara, T. Katsuya, H. Nigai, and N. Nagai. 1978. Distur¬ 
bance of rat incisor dentine formation following administration of 
L-azetidine-2-carboxylic acid. Teratol. (Abstr.) 18:148. 
Sweat, F., H. : Puchtler, and S.I. Rosenthal. 1964. Sirius Red F3BA as a 
stain for connective tissue. Arch. Path. 78:69-72. 
Takeuchi, T., and D.J. Prockop. 1969. Biosynthesis of abnormal collagens 
with amino acid analogues: incorporation of L-azetidine-2-carboxylic 
acid and cis-4-fluoro-L-proline into protocollagen and collagen. 
Biochim. Biophys. Acta 175:142-155. 
Takeuchi, T., J. Rosenbloom, and D.J. Prockop. 1969. Biosynthesis of ab¬ 
normal collagens with amino acid analogues: inability of cartilage 
cells to extrude collagen polypeptides containing L-azetidine-2- 
carboxylic acid or cis-4-fluoro-L-proline. Biochim. Biophys. Acta 
127:156-164. 
Tarin, D., and A.P. Sturdee. 1971. Early limb develoment of Xenopus 
larvis. J. Embryol. Exp. Morphol. 26:169-179. 
Thornton, C.S. 1968. Amphibian limb regeneration. Adv. Morph. 7:205- 
250. 
Uitto, J., and D.J. Prockop. 1974. Incorporation of proline analogues 
into collagen polypeptides: effects on the production of extra¬ 
cellular pro-collagen and on the stability of the triple-helix 
structure of the molecule. Biochim. Biophys. Acta 336:234-251. 
Voute, G.L. 1963. An electron microscopic study of the skin of the frog 
(Rana pipiens). J. Ultrastruct. Res. 9:497-510. 
184 
Weber, R. 1961. Similar pattern of fine structure in the basement la¬ 
mella of the skin and the external. sheath of the notochord in Xeno- 
pus larvae. Experientia 17:365-366. 
Weinstock, M., and C.P. Leblond. 1974. Formation of collagen. Fed. 
Proc. 33:1205-1218. 
Weiss, P., and W. Ferris. 1954a. Electron microscopic study of the tex¬ 
ture of the basement membrane of larval amphibian skin. Proc. Natl. 
Acad. Sci. 40:528-540. 
__________________ 1954b. Electronmicrograms of larval amphibian 
epidermis. Exp. Cell Res. 6:536-549. 
  1956. The basement lamella of amphibian skin: 
Its reconstruction after wounding. J. Biophys. Biochem. Cytol. 
2(Supp.):275-282. 
Yakovleva, T.M. 1943a. Cell changes in connective tissue during regenera¬ 
tion. I. C.R. (Dok.) del'Acad, des Sci. de l'USSR 5:222-224. 
  1943b. Cell changes in connective tissue during regenera¬ 
tion. II. C.R. (Dok.) del'Acad, des Sci. de l'USSR 6:264-267. 
